Model Validation: Comparison of LPS activity simulated by HiRAM with other CMIP/AMIP models from the CMIP5 archive. The HiRAM simulations are carried out with the SST and SIC taken from fully coupled CMIP5 models, along with other climate forcings during 1981 -2005 period. An ensemble of four HiRAM simulations are performed, with SSTs taken from historical all forcing simulations of CCSM4, GFDL-CM3, GFDL-ESM2G, and MIROC5. The Sikka archive (observed LPS data set) spans from 1888 -2003, while MERRA/ERRA reanalysis products are available from 1979. The SAI and other calculations presented here span from 1981 to 2005 for reanalysis/CMIP/AMIP/HiRAM and 1979 -2003 period for Sikka archive.
Decadal variability in LPS activity.
A detailed analysis of decadal variability in the HiRAM simulations is presented in Fig. S5 , in which LPS variability in the annual cycle simulations corresponding to each decade (from which the SST forcing was drawn) is shown. The LPS counts over the BoB show a declining 30-year trend in both HIST and RCP8.5, although these trends are modest in amplitude compared to the interannual variability within each decade. A similar result holds over land for the three decades of the RCP8.5 simulations. In contrast, LPS genesis frequency over continental India shows interdecadal variability without any clear trend in the historical period. These results are qualitatively consistent with the observed LPS counts shown in Fig. 1e , which show interannual variability within each decade that is large compared to any interdecadal trend that might exist. When considering LPS counts from the annual cycle simulations shown in Fig. S5 , it should be remembered that the SST boundary conditions were drawn from 10 CMIP5 coupled ocean-atmosphere models; to the degree that internal (i.e. unforced) decadal variability is uncorrelated between individual CMIP5 models, the HiRAM ensemble means will not be strongly influenced by the internal variability of SST. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62 Spatial and temporal variability in monthly SST anomalies. Anomalies in coupled model SSTs, relative to the bias-corrected climatology, may also be biased in simulations of historical or future periods. However, what we wish to avoid is having a common bias be shared by all of our ensemble members; distinct biases in anomalies (relative to the climatology) will help inflate the dispersion of our ensemble. To compare simulated and observed SST anomalies, an Empirical Orthogonal Function (EOF) analysis is conducted using monthly anomalies of CMIP5 SSTs and HadISST1.1 relative to the monthly climatology, with all data for the period 1979-2005 (note that these CMIP5 SSTs are those used to force HiRAM). The leading mode of variability in the Indo-Pacific sector has a distinct spatial structure in each model and in observations, with some having peak amplitude on the equator (e.g. MIROC5 and GFDL-ESM2G) and others in the subtropics (e.g. CCSM4 and HADISST1.1), but the amplitude of temporal variability is of a similar order of magnitude in all datasets (Fig.S10 ). This is far from a complete exploration of SST bias in our model ensemble, and it is possible that a common bias during some particular time of year or at some particular location may cause a coherent bias in the ensemble mean. Nevertheless, this brief analysis suggests that the SST boundary conditions contribute to dispersion in our ensemble, as desired, and that intraensemble SST variability has an amplitude that is not greatly unrealistic.
Annual Cycle Simulations. The high resolution (~50 km global) simulations are computationally expensive. In order to understand the model uncertainty, a sufficiently large number of ensembles are required. Hence an ensemble of 10 simulations of HiRAM is run in a computationally cost effective 'annual cycle' mode, in addition to the 4-member ensemble transient time slice simulations. The model is forced with the decadal mean annual cycles of SST and Sea Ice Concentration from 10 different CMIP5 coupled models (historical all forcing and RCP8.5). The CMIP5 models from which the SST and SIC are taken are bcc-csm1-1, CCSM4, GFDL-CM3, GFDL-ESM2G, HadGEM2-ES, IPSL-CM5A-MR, MIROC5, MPI-ESM-MR, MRI-CGCM3, and NorESM1-M. Consistently, other forcing data such as GHGs, aerosols, ozone etc. are also provided to the model as decadal mean annual cycles. The annual cycles of SSTs and other forcings are computed for three decadal blocks of historical (1970 -1979, 1980 -1989, and 1990 -1999) and RCP8.5 (2071 RCP8.5 ( -2080 RCP8.5 ( , 2081 RCP8.5 ( -2090 RCP8.5 ( , and 2091 RCP8.5 ( -2100 periods. Each annual cycle experiments are integrated for 24 months, and the first 12 months are treated as spin up. The LPS activity from these annual cycle simulations is considered as the annualized response of the model to the decadal mean climate forcing. Although, this annual cycle experimental design is not a replacement to the transient simulations, the spatial pattern of the synoptic activity The algorithm scans for a local minima at each grid point from the surrounding 8 grids (ii) If a local minimum is identified, the next step is to check whether it is a heat low. The identification of heat low is done by evaluating the mean pressure gradient (∇SLP ) with respect to surrounding eight grid points. If ∇SLP ≤ dx/(10 degrees 2 hPa −1 ), then it is considered a heat low; where dx is the grid resolution in degrees (e.g. 0.15 hPa degree −1 is the threshold value for a grid size of 1.5 degree). This threshold value is obtained after a systematic sensitivity analysis by varying ∇SLP as a function of grid size. This procedure is based on Hanley and Caballero technique to identify extra tropical cyclones (2). (iii) Search for the presence of closed isobars around the grid with an SLP minimum, in the interval of 1hPa. (iv) Calculate the pressure depth (∆SLP ) which is the SLP difference between the outermost closed isobar and the central pressure minimum.
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